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ABSTRACT

Green spaces are associated with improved healthiftte is known about mechanisms
underlying such association. We aimed to assessadheciation between greenness
exposure and subjective general health (SGH) anev&duate mental health status,
social support, and physical activity as mediatofsthis association. This cross-
sectional study was based on a population-baseglsanh 3461 adults residing in
Barcelona, Spain (2011). We characterised outcontenaediators using the Health
Survey of Barcelona. Objective and subjective sl proximity to green spaces and
residential surrounding greenness were used tcacteize greenness exposure. We
followed Baron and Kenny's framework to establisk tmediation roles and we further
guantified the relative contribution of each mediaResidential surrounding greenness
and subjective residential proximity to green sgawere associated with better SGH.
We found indications for mediation of these asdamia by mental health status,
perceived social support, and to less extent, bysiphl activity. These mediators
altogether could explain about half of the surrongdyreenness association and one-
third of the association for subjective proximitg green spaces. We observed
indications that mental health and perceived satgpbort might be more relevant for
men and those younger than 65 years. The resultsbjective residential proximity to
green spaces were not conclusive. In conclusion,otnserved association between
SGH and greenness exposure was mediated, in pamghtal health status, enhanced
social support, and physical activity. There migbt age and sex variations in these

mediation roles.
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1. Introduction

Contact with natural environments including gre@aces has been associated with
improved perceived and objective health outcomekveellbeing (James et al. 2015).
Increasing physical activity, reducing psychologistress, anxiety and depression,
increasing social contacts and cohesion and reguiposure to environmental hazard
such as air pollution have been suggested as possdchanisms for health benefits of
green spaces (Dadvand et al. 2015; de Vries €04&B; Maas et al. 2009; Sugiyama et
al. 2008). However, the available evidence invesing mediation roles of these
mechanisms and their relative contributions to abserved health benefits of green
spaces remains scarce. Moreover, these mediaties maght vary across strata of sex
and age, but the available evidence on such atwaries non-existent. An additional
issue that remains unexplored is whether the medippdied to characterize greenness
exposure (e.g. residential surrounding greennesgctive or subjective residential
proximity to green spaces, etc.) could have imghes when investigating the

underlying mechanisms linking green spaces andteal

The aim of this study was to assess the associ@ginween exposure to greenness
(including residential surrounding greenness aruestive and objective measures of
residential proximity to green spaces) and subjectieneral health (SGH) and to
evaluate mental health status, social supportpagdical activity as potential mediators
of this association, if any. As secondary aimsalg® assessed relative contributions of
aforementioned mediators to greenness exposure-&Sbiciation and evaluated the

variations in their mediating roles across strdtage and sex.



2. Methods

2.1. Sudy setting

This cross-sectional study was based on data adstairom a population-based

randomized sample of adults residing in Barcel@pain. The data was collected in the
context of the 2011 Barcelona Health Survey ainoestudy the health status, life-styles
and use of health services among Barcelona residBaitoll et al. 2011). A face-to-

face interview survey by trained interviewers wanducted at the residential place of a
sample of 4000 people residing across the 10 clistaf Barcelona. The subjects were
randomly selected from the Barcelona municipal stegi of residents in a way to

represent the age and sex structure of distriatsiniitation letter was sent to selected
subjects, informing them about the objectives of gurvey and asking them to
participate. In total 9,969 persons were contateattain planned sample size of 4000
participants (i.e. response rate of 43%). The msponders (those who refrained from
participating in the study or could not be appreatchfter five visits to their homes)

were substituted by randomly-selected persons mikesdistrict, age and sex. For this
study, we limited the participants to those witke agl8 years resulting in 3461 adults

being included in our analyses.

Barcelona is a port city of 1.6 million inhabitarsisuated on the North-eastern part of
the Iberian Peninsula. It has a Mediterranean ¢éncharacterized by hot and dry
summers, mild winters, and maximum precipitatiod &agetation during autumn and

spring.



2.2. Questionnaire data

The data on the outcome (SGH), mediators (mentalthestatus, perceived social
support, and physical activity), and relevant sa@onographic covariates were

obtained from the Barcelona Health Survey quesaoen

2.2.1. Subjective general health

In order to characterize SGH, we asked participditsgeneral, would you say that
your health is..." with possible responses beixgetent/very good/good/moderate/bad
(Ware Jr and Sherbourne 1992). The answers weh®tdimized with cut-off at “less
than good”, following the same methodology usedrigvious studies (Maas et al. 2006;
Triguero-Mas et al. 2015). We considered “less thand” answers as the reference
category, therefore a positive association betwggernness exposure and this variable

could be interpreted as better SGH.

2.2.2. Mental health status

Participants answered the twelve questions of thee@l Health Questionnaire (GHQ-
12) (Goldberg 1978). GHQ-12 has been reported t@ alid and reliable tool for
screening non-psychotic psychiatric problems (nental health status) in the Spanish
population (Sanchez-Lopez and Dresch 2008). Theergérscore was dichotomized
with those having a general scaore3 being classified as being at risk of psychiatric
problems following the methods described by GoldbéGoldberg 1978). We
considered being at risk of psychiatric problemshasreference category; therefore, a
positive association between greenness exposuréhandariable could indicate better

mental health status.



2.2.3. Perceived social support

Participants answered the eight questions of theeEINC Functional Social Support
Questionnaire (FSSQ) (Broadhead et al. 1988). Tduestionnaire covers two
dimensions of social support: the confidant suppeftécting availability of people with
whom one can share important life issues and casaand receive advice and support,
and emotional support characterizing expressiontowd, affection, esteem, and etc.
The Duke-UNC FSSQ has been shown to have an adegalidity and reliability for
the Spanish population to assess social suppotto(B&aamefio et al. 1996). The
guestionnaire was scored based on the Duke-UNC FB&iglines (Bellon Saamernio et
al. 1996). The distribution of scores was skewee. Wérefore dichotomized the score
using the 78 percentile (based on the scores of all particgjaas the cut-off. We
considered a score less than"7percentile as the reference category, therefore a
positive association between greenness exposuretldadvariable could indicate

stronger perceived social support.

2.2.4. Physical activity

Participants answered the seven questions of thernkitional Physical Activity
Questionnaire (IPAQ-Short version) (Craig et alD20 The IPAQ has been reported to
have an acceptable validity and reliability for tBpanish population (Roman-Vifias et
al. 2010). We developed a binary variable indigativhether the participant could be
considered as having moderate or high physicaviictievels based on the IPAQ
guidelines (i.e. moderate/high vs. low levels ofygbal activity) (IPAQ Research

Committee 2005). We considered low physical agtiletzel as the reference category,



therefore a positive association between greenegsssure and this variable could be

interpreted as more likelihood of achieving modetathigh levels of physical activity.

2.3. Greenness Exposure

We characterized greenness exposure using threeatos: residential surrounding

greenness and objective and subjective residgmbaimity to green spaces.

2.3.1. Residential surrounding greenness

Our assessment of residential surrounding greenmess based on Normalized
Difference Vegetation Index (NDVI) obtained frometiNASA's Earth Observing
System Data and Information System (EOSDIS) web$ieVI is an indicator of
greenness based on land surface reflectance blevigied) and near-infrared parts of
spectrum (Weier and Herring 2011). It ranges betwek and 1 with higher numbers
indicating more photosynthetically active greenneéd& generated our NDVI map
using the image obtained on 5 July 2013 by the &an@ OLI (Operational Land
Imager) and TIRS (Thermal Infrared Sensor) at 30dmx3esolution. Surrounding
greenness was abstracted as the average of ND\ifiers of 100m, 250m, and 500m
(Dadvand et al. 2012a; Dadvand et al. 2012b; Dadiedral. 2012c; Lovasi et al. 2011,
Markevych et al. 2014) around the main home addréssch study participant, which

was geocoded according to the address where #hwimtvs were conducted.

2.3.2. Residential proximity to green spaces



We used proximity to green spaces as a surrogatacftess to green spaces (Expert
Group on the urban environment 2001). We assesstétddobjective (perceived) and

objective residential proximity to green spaces.

2.3.2.1.Subjective residential proximity to green spaces: The participants answered the
guestion (yes/no) whether they have a park witltinrinutes walk from their

home.

2.3.2.2.0bjective residential proximity to green spaces. To define green spaces we
utilized the Parks and Garden Map of Barcelonaddiadardins de I'Ajuntament
de Barcelona, 2013) developed by the Barcelona aotyncil. Based on the
European Commission recommendation on access tengspaces, we
constructed a binary variable (yes/no) indicatirftether the participant’s home
address was within 300m of a major green spac@atefis a green space with

an are&5,000 nf (Expert Group on the urban environment 2001).

2.4. Mediation Analyses

We followed the steps set by Baron and Kenny (Bamoth Kenny 1986) to separately
investigate the mediation roles of mental healttust perceived social support, and
physical activity in the association between gressnexposure and SGH. For the
residential surrounding greenness, we reportedafiseciations for one inter-quartile
range (IQR) increase in average NDVI across eadfeibgize based on all study

participants.



Sep 1. The association between greenness exposure and SGH. We developed logistic
regression models with SGH as outcome and meastigrgenness exposure (one at a
time) as predictor. The models were further adpifde potential confounders identified
a priori: age (18-45, 46-65, or <65), sex, and indicatorsoaioeconomic status (SES)
at both individual and area levels. Educational aiathent (no or
primary/secondary/university) was used as the atdicof individual-level SES and
tertiles of 2010 household income by neighbourh@gBeénta Familiar Disponible)

(Generalitat de Catalunya 2010) was applied asttieator of area-level SES.

Sep 2. The association between greenness exposure and mediators. We developed
logistic regression models with mental health ustafperceived social support, and
physical activity (one at a time) as the outcomé maicators of greenness exposure
(one at a time) as the predictor. All these modetse further adjusted for the
confounders mentioned in the step 1. For physictlvity, we excluded the study

participants who reported having restrictions tgtgsical activity.

Seps 3 & 4. The association between greenness exposure and mediators and SGH. We

added mediators (one at a time as well as altogathéhe models described in step 1 to

estimate the association between SGH and medietotsolled for greenness exposure

and between SGH and greenness exposure controtl@sediators.

2.5. Further analyses

2.5.1. Quantifying the relative contribution of Banediator

10



We used the “binary_mediation” command in STAT Aotwiain relative contribution of
each mediator to the association between greemxgssure and SGH expressed as the
proportion of the total effect that is mediated the mediator. This command
implements the Baron and Kenny's framework for i by fitting separately a
model for the mediator as a function of exposuid @amodel for the outcome given the
mediator and the exposure (Baron and Kenny 198&% dllows the calculation of the
direct, indirect and total effects of exposure, #mel proportion of effect mediated. We
conducted the analyses by including all mediatarshe same model to account for
interrelations between the mediators. We used bapt$o obtain percentile-based 95%

confidence interval for the contribution of eachdiagor.

2.5.2. Age and sex stratified analyses

To explore potential variations in the mediatiofesoof our hypothesized mediators in
the greenness exposure-SGH association acrosa sfraex and age, we stratified the
aforementioned mediation analyses for age (<65syeap 65 years) and sex. We used
age of 65 as cut-off as it is the legal age ofeatent in Spain which might result in a

change in personal behaviour with regards to teergspace use.

3. Results

The description of the sociodemographic charadiesisf study participants, indicators
of greenness exposure, outcome, and mediators rasented in Table 1. Those
participants with subjective or objective residahtproximity to green spaces had
higher (Wilcoxon rank-sum test p-values <0.01)destial surrounding greenness in all

buffer sizes (Supplementary Table S1). There wamaaest agreement between
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subjective and objective measures of resident@tiprity to green spaces (Kappa value
=0.61, p-value<0.01). As presented in Supplementalyle S2, participants with no
university education, younger than 65 years, antesnaere more likely to live in

proximity (objective) of green spaces. Subjectigsidential proximity to green spaces
was reported more frequently by female participaantsl those with no university
education. There was no statistically significarffedence in residential surrounding

greenness across strata of education, age and sex.

3.1. The association between greenness exposure and SGH

An increase in residential surrounding greennessasaociated with better SGH, which
was consistent over all buffer sizes (Table 2).ifanhy, subjective residential proximity
to green spaces was associated with better SGHIg(TZb Objective residential
proximity to green spaces showed a non-statisyicalignificant (p-value=0.10)

association with better SGH.

Further adjustment of analyses for the countryidhlflow- vs. high-income countries),

use of private health insurance (yes/no), and batess (manual vs. non-manual
worker) did not result in a notable change in andihgs. Defining objective residential

proximity to green spaces based on street netw@mksvork distance) instead of
Euclidean distance used for the main analyseslaxing the area criteriore(5,000 )

to identify major green spaces did not change oulirigs notably (Data not shown).
Our findings remained unchanged after repeatingatieyses using survey sampling
weights for districts to account for our samplirtgategy (stratified random sampling

with equal allocation).
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3.2. The association between greenness exposure and mediators

An increase in residential surrounding greennessllinbuffer sizes and subjective
residential proximity to green spaces were assetiatith improved mental health
status, stronger perceived social support, andehnigkelihood of achieving moderate to
high levels of physical activity (Table 2). The asstions for objective residential
proximity to green spaces were in the expectedctime, but none attained statistical

significance.

3.3. The association between greenness exposure and mediators and SGH

As presented in Table 3, better mental health st&mhanced perceived social support,
and moderate to high levels of physical activityravassociated with better SGH after
adjustment (one at a time) for measures of resalestirrounding greenness (250m
buffer) and subjective residential proximity to gmespaces. When all three mediators
were included in the same model, the associatimnsiéntal health status and perceived
social support remained statistically significant pphysical activity lost its statistical
significance (Supplementary Table 3). When all rags were included in the model,
the association for residential surrounding gressnlest its statistical significance
while the association for subjective residentiabqimity to green spaces remained

statistically significant (Supplementary Table 3).

3.4. Relative contribution of each mediator

13



We explored the relative contributions of aforenmmd mediators in the associations
between SGH and residential surrounding greenr@s8 ( buffer) and subjective
residential proximity to green spaces for which abserved indications of mediations.
Among our evaluated mediators, mental health staxpsained the largest part of the
associations between both aforementioned indicatbggeenness exposure and SGH,
followed by perceived social support (Table 4). $tbgl activity explained the least
with 95% confidence intervals of its estimated aduttions including zero (Table 4).
These mediators altogether could explain half & #ssociation between SGH and
residential surrounding greenness and a third ef @issociation with subjective

residential proximity to green spaces.

3.5. Age and sex stratified analyses

We stratified the analyses for the associationséen SGH and residential surrounding
greenness (250m buffer) and subjective residept@timity to green spaces for which
we observed statistically significant associationsthe main analyses. Residential
surrounding greenness was associated with bettét i8Goth sexes and age groups,
but the associations were stronger and attainédtstal significance only for men and
those older than 65 years (Table 5). In contrastsfibjective residential proximity to
green spaces, the associations were stronger atigtisally significant for women and
those younger than 65 years, while the associafilmnsen and those older than 65

years were nearly statistically significant (Tab)e

In age-stratified analyses, residential surroundjreenness and subjective proximity to

green spaces were associated with better menthhsatus and enhanced perceived

14



social support only in those participants youndemnt 65 years (Table 5). For these
participants, residential surrounding greenness wab® associated with higher
likelihood of achieving moderate to high physicalidty levels (Table 5). In sex-

stratified analyses, residential surrounding gresarand subjective proximity to green
spaces were associated with better mental healthssand higher levels of physical
activity only in men (Table 5). For perceived sbsiapport, while the associations with
residential surrounding greenness were comparabledth sexes, the association with
subjective residential proximity to a green spacaswstronger and statistically

significant only for men.

As presented in Supplementary Table S3, better ahdmgalth status and stronger
perceived social support were associated with b&@&H in all ages and sexes, after
controlling for measures of greenness exposure.evétd to high levels of physical
activity was associated with better SGH only in na participants older than 65

years.

As presented in Supplementary Table S4, the mediatliogether could explain a
larger part of the SGH-Greenness exposure assmwsaftdr men and those less than 65
years. However, the confidence intervals for thetrwoution estimates were wide and

only in men the contributions were statisticallgrsficant.

4. Discussion

Residential surrounding greenness and subjectsidawrtial proximity to green spaces

were associated with better SGH. We found indicatidor mediation of these
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associations by mental health status, perceivethlssgpport, and to less extent by
physical activity. These mediators appeared to loeemelevant for the impact of
residential surrounding greenness than subjectiogimity to green spaces. We also
observed some indications for variations in theseliation roles across strata of sex
and age. We did not observe any association betolgjective residential proximity to

green spaces and SGH.

4.1. Greenness exposure and SGH

Our observed positive association between greerexgsssure and SGH is in line with
findings of previous studies (Maas et al. 2009; $1a&a al. 2006; Maas et al. 2008;
Triguero-Mas et al. 2015). In our study, while ®mdbive residential proximity was
associated with better SGH, the results for objegbroximity to green spaces were not
conclusive. We observed a modest agreement betwebjective and objective
proximity to green spaces, in line with findings mievious studies reporting a poor
correspondence between these two measures (Balll 2008; Lackey and Kaczynski
2009). Accordingly, it has been suggested that Ipbysical presence of green spaces
and how people are aware and conceptualize theBepce play important roles in
shaping people’s behaviour regarding use of thpaees (Durand et al. 2011; Lackey
and Kaczynski 2009). In this context, our findingsght suggest that perceived
availability of green spaces could better prediealth benefits of green spaces

compared with physical availability of green spaces

We adjusted our analyses for indicators of SESo#t mdividual (i.e. education) and

area levels (neighbourhood average household incomether adjustment of our

16



analyses for other indicators of SES such as etiiniosurance type, and social class
did not change our results notably. Moreover, whilsidential surrounding greenness
did not differ between different SES groups, we esbed beneficial associations
between this measure of greenness exposure and &@Hall of our evaluated

mediators. These observations might suggest thiatesults were unlikely to have been

affected by residual SES confounding.

4.2. Mediation roles of mental health status, perceived social support, and physical

activity

We found that residential surrounding greenness ufijective proximity to green
spaces are associated with mental health statuseiped social support, and physical
activity levels. Exposure to greenness has beeociated with better mental health
status (Gascon et al. 2015). Available evidencehenassociation between greenness
exposure and social support/contact is still lichibat is generally suggestive for such
an association (de Vries et al. 2013; Maas etGf192Sugiyama et al. 2008), with some
exceptions (Triguero-Mas et al. 2015). The bodgwflence on the impact of greenness
exposure on physical activity is not consistenthwét notable heterogeneity in the

reported direction and strength of associationslibavycz and Jones 2011).

Our mediation analyses indicated that our obseretdionship between this exposure
and SGH could be mediated, in part, by mental hestatus and perceived social
support. Our findings for a mediation role of plegdiactivity for such an association
were less solid but still suggestive for such a iatezh role. The number of studies

evaluating such mediation roles is still very lietit A study by de Vriest al. (2013)
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showed stress reduction and social cohesion were madiators of the association
between streetscape greenery and SGH (de Vries 20E3). Their findings for the
mediation role of physical activity were less carstve. While they were suggestive for
a modest mediation role for the physical activigcurred in green spaces (“green
physical activity”), they did not support any medba role for the total physical activity
(de Vries et al. 2013). A recent study by Trigubtaset al. (2015) in Spain, however,
did not support such a mediation between greenegpssure and SGH by social
cohesion nor by physical activity (Triguero-Masaet2015). Physical activity was not a
mediator of the association between neighbourhaedmmess and SGH in a study by
Maaset al. in the Netherlands (Maas et al. 2008). In anosiiedy, Maast al. reported
loneliness and perceived shortage of social supg®rtmediators of the association
between neighbourhood greenness and SGH (Maas 20@9). With regards to the
association between greenness exposure and ottath heutcomes, a study by
Sugiyamaet al. (2008) found mediation roles of recreational wadkiand social
coherence for the association between perceiveghbeurhood greenness and physical
health (Sugiyama et al. 2008). In a study by Ridkanet al. (2008) physical activity
could only explain a small part of the associabetween neighbourhood greenness and
cardiovascular health (Richardson et al. 2013).simmary, while the available
evidence supports mediation roles of mental hesthkus and social support/cohesion
for health benefits of green spaces, studies omdas mediation role for physical

activity are mainly inconclusive or suggestive dmodest mediation role.

4.3. Relative contributions of mediators
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Among our hypothesized mediators for the associaietween SGH and greenness
exposure, mental health status appeared to be diremediator, followed by perceived
social support. Physical activity contributed thadt and the confidence intervals for its
contribution included zero. In line with these fimgls, physical activity was not a
predictor of SGH after including mental health ssaind perceived social support in the

models.

We are aware of only one study quantifying thetnetacontribution of mediators to the
association between greenness exposure and SGtHatirstudy by de Vriest al.
(2013), while stress reduction and social cohesimsre main mediators of the
association between streetscape greenery and S@&eéh ghysical activity contributed
the least, a pattern comparable to our findings \{des et al. 2013). Their study
showed these mediators could explain about 40%h@fassociation in line with our
findings for residential surrounding greenness simwed about half of the association
between SGH and greenness exposure can be explaingddese mediators. The
findings of these two studies suggest that a netglalrt of the impact of greenness
exposure on SGH could not be explained by mentahltinestatus, social
support/cohesion, and physical activity and thevald be other mediators involved
such as reduction in exposure to environmental rdazge.g. air pollution, noise, and
heat). There might also be a potential for undemnagion of the contributions of these

mediators due to the misclassification in the ctimrésation of these mediators.

We are not aware of any available report compatiegmediation roles for the health
benefits of residential surrounding greenness asdlential proximity to green spaces.

We observed that our hypothesized mediators altegetould explain about half of the
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association between residential surrounding gresrend SGH and make the
association for residential surrounding greennéstssscally non-significant; whereas,
for subjective residential proximity to green spgdbese mediators could explain about
one-third of the association and the associatiothis measures of greenness exposure
remained statistically significant. These findingsght suggest that mental health
status, perceived social support, and physicaVviactare more relevant mediators for
residential surrounding greenness compared to clilgeresidential proximity to green

spaces.

4.4. Age and sex variationsin mediation roles

We observed some indications that mental healtfusstagocial support, and physical
activity as mediators might be more relevant fonm@ur findings also suggested that
while mental health status and social support cdaddmore relevant mediators for
participants younger than 65 years, physical dgtiviight be more relevant for those

older than 65 years.

To our knowledge, this study is the first to invgate a potential age and sex variation
in mediation roles of mechanisms underlying he&lémefits of green spaces. It is
therefore not possible to compare our findings wvitibse of others. However, our
observation is consistent with findings of previstisdies showing how age and sex can
affect use of green space (Lee and Maheswaran 20hHs been suggested that elderly
and teenagers are the least frequent users of gpaemes (Lee and Maheswaran 2011).
Also men have been reported to use green spaces fremuently and be more

physically active in green spaces than women (Led Maheswaran 2011). These
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findings are in line with our observed more coresistpatterns of mediation for male
participants and those younger than 65 years. Hewdiiere is some evidence that
elderly are among the population sub-groups thaetitethe most from green spaces in

vicinity of their homes (Maas et al. 2006).

4.5. Limitations

Our cross-sectional study had a limited capabibitya causal inference regarding our
evaluated associations and mediation roles. Weaeappklf-reported questionnaires to
obtain data on outcome and mediators of this amsalydthough we did not validate
these questionnaires for our study participantsy tave been shown to have proper
validity and reliability for the Spanish populati@Bellon Saamefio et al. 1996; Roman-
Vifias et al. 2010; Sanchez-Lépez and Dresch 2008gM et al. 2005). Conceptually,
there could have been a potential overlap betwegmueeasures of SGH and mental
health status which might have resulted in ovearestion of the mediation role of
mental health in our analyses. Similarly, intermdual differences in response
tendencies might have influenced our analysis ef dasociation between subjective
proximity to green spaces and SGH. Our map of ngjeen spaces did not address the
quality of green spaces. Quality characteristics goéen spaces like aesthetics,
biodiversity, walkability, sport/play facilitiesagety, and organized social events have
been suggested to predict the use of green spil3o(mack et al. 2010) and could
have affected our analyses of the mediation roleplofsical activity, resulting in
underestimation of such a role. By using an NDVIpnadbtained at a single point in
time (2013), we effectively assumed that the spdlistribution of NDVI across our

study region remained constant over the study @ef&®11). Our previous studies
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demonstrated a comparable variation and strongeledtion between measures of
greenness exposures based on NDVI maps obtaingifferent seasons and years and
these measures also showed consistent associatitniealth outcomes (Dadvand et
al. 2012c; Dadvand et al. 2014). Further to meh&dlth status, social contacts, and
physical activity, reduction in exposure to envir@ntal hazards such as air pollution,
noise, and heat have been proposed as potentilamems underlying health benefits
of greenness exposure. Investigating such mediati@s was out of the scope of this

study and can be tested in future studies.

5. Conclusions

We observed better SGH associated with residerstistounding greenness and
subjective proximity to green spaces which coulekelained in part by mental health
status and perceived social support and to lessngxby higher levels of physical
activity associated with these measures of gresnmegposure. These mediators
appeared to be more relevant for the impact oflesdial surrounding greenness than
for that of subjective residential proximity to grespaces. We also observed some
indications for a potential age and sex variatiorthese mediating roles with mental
health status and perceived social support appedaonbe more relevant for male
participants and those younger than 65 years. (dinfys for objective residential
proximity to green spaces were not conclusive. Sactifference between health
impacts of objective and subjective residentialxprioty to green spaces which has
been investigated by only a handful of previouddistsl might be suggestive for a
critical role of how people perceive and concepheaavailability of these spaces and

merits further investigations. Such a role, if eonkéd by future studies, could have
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important implications for policymakers when implkeming policies aimed at
promoting use of green spaces. We recommend fudtudies to apply objective
measures of outcomes and mediators together with bobjective and objective
measures of residential proximity to green spaaesinwvestigate our observed

associations and mediations in other settings eifterent climates and cultures.
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Table 1. Descriptiori of sociodemographic characteristics of study pidints and measures of
greenness exposure.

Variable Description

Male 1,657 (47.9%)
Female 1,804 (52.1%)

Subjective green space proximity®

Yes 2,121 (61.3%)
No 817 (23.6%)
Missing 523 (15.1%)

Surrounding greenness (NDVI)

100 m buffer 0.18 (0.06)
250 m buffer 0.19 (0.05)
500 m buffer 0.20 (0.05)

Mental health status
At risk 480 (14.4%)
Not at risk 2,856 (85.6%)

Social support
Strong 1,257 (37.9%)
Not strong 2,061 (62.1%)

a Results are presented as count (%) for catedoricéables and as median (interquartile range) for
continuous variables.
b The answer to the question that whether they hapark within 10 minutes walk from their home.

¢ Indicating whether the participant’s home wasated within 300 m of a major green space (aea
5,000 nj).
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Table 2. Adjusted odds ratio (95% confidence intervals) of the aisgimn between measures of greenness exposureesfrglibjective general health,

perceived social supporpental health statuand moderate/high physical activity.

Residential surrounding greenness (NDVI)

Residential proximity to Green spaces

100 m buffer

250 m buffer

500 m buffer

Subjective

Objective

General Health
Social support
Mental health
Physical activity

1.17 (1.05, 1.31)*
1.15 (1.05, 1.25)*
1.32 (1.16, 1.51)*
1.20 (1.03, 1.41)*

1.18 (1.06, 1.32)*
1.17 (1.08, 1.28)*
1.25 (1.10, 1.42)*
1.22 (1.05, 1.43)*

1.16 (1.05, 1.29)*
1.22 (1.12, 1.33)*
1.17 (1.04, 1.32)*
1.25 (1.07, 1.45)*

1.36 (1.11, 1.67)**
1.31 (1.10, 1.55)**

1.30 (1.04, 1.63)**
1.52 (1.05, 2.19)**

1.17 (0.97, 1.41)
1.13 (0.97, 1.32)
1.20 (0.97, 1.48)*
1.33 (0.96, 1.83)*

* p-value <0.10
** p-value <0.05

a Adjusted for age, sex, education, and neighbautisocioeconomic status.
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Table 3. Odds ratio (95% confidence intervals) of the asdgam between good subjective general health anteped social support, mental health status,
and moderate/high physical activity adjusted fa,agpx, education, neighbourhood socioeconomiasstahd exposure to greenness (residential surroynd

greenness (250 m buffer) and subjective residemtedimity to green spaces).

Greennessexposure  Social support Mental health Physical activity
Modelsincluding residential surrounding greenness
General health  Single-mediator models - 1.79 (1.46, 2.19)** 5.50 (4.36, 6.94)** 1.45 (1.00, 2.11)*
All-mediators model 1.09 (0.97,1.23) 1.58 (1.27, 1.96)** 4.94 (3.87, 6.30)** 1.35 (0.92, 2.01)
M odels including subjective residential proximity
General health  Single-mediator models - 1.80 (1.46, 2.23)** 6.23 (4.86, 7.99)** 1.55 (1.04, 2.31)**
All-mediators model 1.36 (1.08, 1.71)* 1.51 (1.20, 1.90)** 5.58 (4.29, 7.25)** 1.41 (0.93, 2.13)

* p-value <0.10
** p-value <0.05
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Table 4. Percent (95% confidence intervals) of the adjistsdociations between measures of

greenness exposure and subjective general hegthired by perceived social support, mental
health status, and physical activity.

Residential surrounding  Subjective proximity to

greenness (NDVI) green spaces
Social support 9.9% (3.3%, 31.4%) 6.0% (1.2%, 16.4%)
Mental health 40.0% (16.9%, 104.8%)  19.5% (3.2%, 42.3%)
Physical activity 4.3% (-1.1%, 18.5%) 3.1% (-1.4%, 12.8%)
Altogether 54.2% (28.8%, 146.8%)  29.5% (10.5%, 59.9%)

a Adjusted for age, sex, education, and neighbautisocioeconomic status.
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Table 5. Adjusted odds ratio (95% confidence intervals)taf association between residential
surrounding greenness (250 m buffer) and subjecés®lential proximity to green spaces and
self-subjective general health, perceived socippeu, mental health status, and moderate/high

physical activity stratified for age and sex.

Outcome Strata Surrounding Subjective
greenness proximity to green
spaces
General Health Age
<65years 1.14(1.00, 1.30)*  1.35(1.03, 1.75)**
>65year8 124 (1.04, 1.49)** 1.37 (0.99, 1.89)*
%XC
Male 1.33(1.13,1.57)* 1.32(0.98, 1.78)*
Female 1.07 (0.92, 1.23) 1.41 (1.07, 1.86)**
Social support Age
<65years 1.17 (1.07,1.29)* 1.31(1.07, 1.59)**
>65 year8  1.17 (0.97, 1.41) 1.22 (0.85, 1.74)
Sex©
Male 1.17 (1.04, 1.32)** 1.54 (1.20, 1.98)**
Female 1.18 (1.06, 1.33)** 1.12 (0.89, 1.43)
Mental health Age
<65years 1.28(1.11, 1.48)* 1.46(1.12, 1.89)**
>65 year8  1.14 (0.87, 1.48) 0.94 (0.60, 1.48)
%XC
Male 1.44 (1.17,1.79)** 1.43 (1.01, 2.02)**
Female 1.14 (0.97, 1.33) 1.20 (0.89, 1.62)
Physical activity Age
<65years 1.25(1.06, 1.48)** 1.26 (0.84, 1.89)
>65year 1.07 (0.78,1.46)  1.69(0.91, 3.17)*
Sex©
Male 1.26 (1.03, 1.53)** 1.57 (1.01, 2.42)**
Female 1.14 (0.90, 1.45) 1.12 (0.65, 1.92)

* p-value <0.10
** p-value <0.05

a Adjusted for age, sex, education, and neighbautisocioeconomic status.

b Adjusted for sex, education, and neighbourhoaibsgonomic status.
¢ Adjusted for age, education, and neighbourhoatbssonomic status.



